Introduction And Background
Tele-neurology is the use of real-time or delayed communication between neurologists and patients, or neurologists and other providers by way of shared audio, video, secure messaging, and other data exchanges which has been an important tool in improving the health and quality of life in those who are restricted to quality neurological care [1] . These restrictions to care are often due to geographic isolation; there are certain areas that lack a neurologist or patients must travel long distances to receive care [2] [3] . There is a significant disparity between the need and availability of neurologists, especially in rural and underserved communities [4] [5] . With neurological conditions continuing to be large contributors to mortality and disability, there needs to be new and innovative services, such as tele-neurology, to combat these problems and supply this need [1, 5] .
Tele-neurology has provided an outlet in which patients and physicians, although at great distances apart, are able to communicate and be examined within an instant. This is relevant for chronic conditions that require continuous follow-up, or in emergencies, in which the administration of thrombolytic therapy in stroke, for example, is often needed within a short time window to be effective [2] . Tele-neurology has the potential to reduce healthcare costs, hospitalization services, and improve multidisciplinary communication between different providers regarding the care for their patients.
In this review, we have examined the current types of tele-neurology available, as well as prior research, outcomes, limitations, and the multidisciplinary nature of the relevant subtypes of tele-neurology including tele-stroke, tele-epilepsy, tele-radiology, pediatric tele-neurology, general tele-neurology, mental health, chronic neurological care, and tele-neurohospitalist work. We have also suggested recommendations for the future of tele-neurology including effective-accessibility and inexpensive-utilization in developing countries.
Review Types of tele-neurology facilities/consultations
Tele-neurology can take two forms: synchronous or asynchronous. Synchronous forms of teleneurology are those in which patients and clinicians connect in real-time. Asynchronous teleneurology, which is also called "store and forward," is one in which there is delayed communication. Clinical information is collected, and the data is then transmitted electronically and reviewed later by the clinician. This can include the transmission of digital photos, videos, or data files for review or evaluation [6] [7] [8] .
The Veterans Health Administration created a variety of tele-health programs, including a clinical video tele-health (CVT) system which enabled neurologists to directly talk to and examine veterans with neurological illnesses. The patient would arrive at a local communitybased outpatient clinic and be examined remotely by a neurologist using a real-time tele-health camera. Each visit included time for medical history and an examination such as mental status exam, cranial nerve exam, and motor evaluation. Test results, disease education, and treatment plans would also be discussed during the visit [9] . Similarly, the University of Kansas Center for Tele-medicine and Tele-health provides a pediatric neurology tele-medicine clinic that uses real-time videoconferencing equipment so that a pediatric neurologist can examine and observe nonverbal behavior in real-time with patients at a distant clinic. There is an on-site coordinator and distant site coordinator to assist the patient and family, to ensure that the technology is functioning properly, and to attain vital signs. There are 80 sites across Kansas, and most people are able to identify a site within an hour from their home [10] .
Thus, tele-neurology can exist as a local hub or facility that is connected electronically to a larger hospital, neurologist, or specialist to provide consultation. The audio-visual conferencing equipment often consists of a camera with pan, tilt, and zoom capabilities so that the neurologist or specialist can examine and speak to the patient [11] . Other sorts of devices used to evaluate patients remotely include using robotic telepresence (RTP) in which a robotic audiovisual platform can move around to create a sense of "being present" at the remote site [12] . However, it does not need to be an outpatient facility which houses the tele-neurology consultation; it can also take place in rural hospitals. For instance, The University of South Carolina was able to implement a web-based tele-stroke program in which neurologists were able to consult rural ED physicians and nurses on patients presenting with acute ischemic stroke at these rural hospitals [13] . This system enabled the neurologist to have both an interaction with the patient and family, as well as a consultation with other providers.
This sort of interactive videoconferencing in which patients, relatives, and providers can all interact at the bedside and remotely communicate in real time is a huge shift from the more historical methods of tele-neurology. In fact, telephone consultation can be considered one of the simplest forms of tele-medicine in which a physician consults other providers on patient symptoms and management [14] . There have even been studies in which telephone consultation was used and found to be acceptable in identifying critical clinical neurological events that would necessitate face-to-face consultation in children with neuro-cysticercosis [15] . Thus, although the trend seems to be shifting toward interactive audio-videoconferencing, tele-neurology can exist in many other forms.
For instance, consultations can be carried out through email; an email tele-neurology service for patients referred to a neurologist by general practitioners was initiated in Northern Ireland. The neurologist would receive an email referral, and then decide whether advice alone was appropriate, or whether further investigations or a clinic visit was warranted. This was proven to improve clinical effectiveness, lower direct costs, and increase productivity [16] .
Tele-neurology can also take the form of a web-based messaging system. For instance, Médecins Sans Frontières (MSF), which is a medical humanitarian emergency nonprofit organization, provides doctors at its field sites with access to a wide range of specialist consultations, including neurologists, through a web-based messaging system; only internet access and a computer is required [6] . Expanding on this web-based messaging system, WhatsApp has also been used as a clinical communication tool; WhatsApp is an instant messaging app available on smartphones that allows free text messages, voice calls, videoconferences, and file exchanges. In developing and economically limited countries, audiovisual conferencing systems and proper communication platforms are often not feasible. WhatsApp is used for organization, sharing clinical data, and clinical care guidance. For instance, in stroke care, it allows the multidisciplinary care teams to be immediately notified of the arrival, location, and stage of evaluation for stroke patients [17] .
Tele-neurology is also in use by way of new mobile technologies that provide real-time data tracking and assessments that create a sort of digital phenotype, in which biometric data can be monitored at the patient's home and electronic health records can be incorporated into the examination [7, 14, 18] . Research is also being developed that may enable the use of smartphone technology to improve on measurements such as tapping speed and tremor severity in Parkinson's disease, sensors to measure electroencephalogram (EEG) in those with epilepsy, and smartwatches that have the potential to detect and quantify seizures. The growing technologies will continue to expand into tele-neurology in an individualized and focused manner [7] .
With growing technology, there are also now international collaborative efforts in telemedicine that are looking to be adapted to tele-neurology. For instance, the Réseau en Afrique Francophone pour la Télémédecine (RAFT) network is a group of 10 French-speaking countries in Africa, along with France and Switzerland, that provides continuing medical education to healthcare professionals and tele-consultations to improve the quality and efficiency of the Sub-Saharan African health systems. Additionally, there is thet tele-health in Africa project which networks between European reference hospitals and African hospitals with the aim of improving medical care for those in low and middle-income countries [19] . Tele-neurology can eventually expand and spread so that these low-income countries can gain valuable consultations and healthcare knowledge for its growing neurological conditions.
Prior research
Tele-neurology has been shown to provide great benefit to populations with limited access to general and specialized neurological care, such as rural populations, and those with limited mobility, or deployed military members [4] .
Around 41% of all veterans enrolled in the Veterans Affairs healthcare system live in rural areas, and 27% of these have a disability or chronic medical condition; many of the healthcare needs of these veterans are also not being adequately met. As a result, the Veterans Health Administration created a large national tele-health network and was able to provide over 1 million episodes of care in 2012. Community-based outpatient clinics were developed in rural towns throughout the United States and this tele-medicine system was adopted in which patients could be remotely examined by a specialist, including a neurologist. Veterans with chronic neurological conditions were offered follow-up tele-neurology care at the clinics; it was found that patients were highly satisfied with the convenience and quality of their visit and that neurology providers believed tele-neurology was equivalent to clinic follow-up. An average time savings of five hours and 325 miles driven were calculated, and a total of $48,000 was saved in total costs; thus, tele-neurology to rural veterans can provide quality neurological care, with patient satisfaction, as well as time and cost savings [9, 20] .
In addition to providing rural care to chronic neurological conditions, tele-neurology has also been proven to be effective in providing stroke care to patients. Acute ischemic stroke patients can be administered alteplase (tPA) within 4.5 hours of symptom onset in order to reduce longterm disability; reduced times to administration of tPA are associated with better long-term functional outcomes and lower rates of complications [21] . Unfortunately, door to needle times have also been shown to be longer for rural patients due to their delay in presentation to a stroke center, and the inability of healthcare providers at rural hospitals to recognize stroke symptoms [21] . The TRUST-tPA trial (Therapeutic Trial Evaluating Efficacy of Telemedicine (TELESTROKE) of Patients With Acute Stroke) established a tele-stroke network of 10 community hospital emergency rooms that were connected to a stroke center; eligible patients were assigned to a usual care arm in which they were transferred to the stroke center for intravenous recombinant tissue plasminogen activator (IV rt-PA) administration, or to the tele-thrombolysis arm in which patients were evaluated by tele-neurology, administered IV rt-PA, and then transferred to a stroke center. It was found that tele-stroke is appropriate in places where there is no way for a patient to access a stroke unit within a 4.5 hour time window [22] .
Beyond stroke, Rubin et al. conducted a systematic review and found that the use of tele-medicine for general and subspecialty neurological consultation appears very promising [23] . For instance, Müller et al. found that tele-medicine patients did not express less long-term satisfaction one year after specialist evaluation for non-acute headache. It has also been shown, through a Northern Ireland group, that tele-neurology is suitable for neurological outpatient referral, and that live video-link telemedicine consultation is associated with shorter hospital stays for patients with neurological disorders admitted under the care of nonneurologists in remote hospitals [24] [25] .
This group conducted its work in Northern Ireland, where there is a shortage of neurologists and a dispersed rural area so that many people with neurological illnesses are seen by general physicians, rather than neurologists. This, like the Veterans Health Administration providing tele-neurology services to rural veterans, enables a fruitful environment for the implementation of telemedicine. However, it has also been shown that tele-neurology can be useful in urban areas as well, and have resulted in a more organized neurologist workflow, accurate prehospital assessment, and psychosocial support [1] . A general tele-neurology program was established in Long Beach, California in which encounters were performed through clinical video tele-health with patients located at one of four community-based outpatient clinics located at short distances from the main facility. Despite the short distance, patients were satisfied with their care and preferred clinical video tele-health over face-to-face encounters; this, along with patient's consistently keeping appointments and rare technical problems, demonstrated the successful application of tele-neurology in the management of diverse neurological disorders in an urban setting [26] .
Despite the barriers some patients face in accessing traditional face-to-face neurology care such as traveling large distances or having a disability, in a survey of local physicians of Parkinson's patients, many were ambivalent about recommending tele-health visits for their patients. Many also reported not receiving recommendations of care from the tele-neurologist, but of those who did, they implemented some or all of their recommendations and found them to be beneficial [11] . Despite this, tele-neurology is still growing; in a survey to neurology departments around the United States, tele-neurology is being applied, by way of consultations, for acute stroke, movement disorders, neurocritical care, and chronic care [27] .
In addition to this, tele-medicine has been shown to be a suitable tool for caring for the elderly by improving emotional status, decreasing depressive symptoms, and improving social functioning and cognitive levels [18] . Likewise, with the expansion of telecommunication infrastructure, internet service, and mobile phone penetration, tele-medicine has the potential to be effectively utilized in low and middle-income countries, and in bridging the rural-urban gap in access to specialized neurology services [19] . Even though these countries may be unlikely to have expensive videoconferencing equipment or integrated services digital network (ISDN) lines that are often necessary for neurologic exams or diagnoses in real-time video, inexpensive "store and forward" methods have been successfully implemented. For example, such a system was started between neurologists in the UK and a rehabilitation hospital in Bangladesh; a small team of staff were taught how to send email referrals to UK specialists who used their home-based email system. This successful program showed that "store and forward" tele-neurology is a feasible and practical option for providing neurological advice to clinicians in developing countries [28] . Various types of tele-neurology setups and their utilization have mentioned in Table 1 .
Tele-neurology facilities/consultations:
Type of model Description Usefulness "WhatsApp" Mobile application [17] In the developing and economically limited countries, the WhatsApp has been a solution and is used for organizations in the sharing of clinical data and clinical care guidance.
Allows the multidisciplinary care teams to be immediately notified of the arrival, location, and stage of evaluation for stroke patients. The communication on this application can be secured with end-to-end encryption.
Video Conference [9] Neurologists providing direct and remote care to veterans with neurological illnesses.
Two-way, interactive, real-time video sessions at a bandwidth sufficient to allow for synchronous patient care.
Pediatric Videoconferencing [10] There is an on-site coordinator and distant site coordinator to assist the patient and family to ensure that the technology is functioning properly, and to attain vital signs.
Pediatric neurologist can examine and observe nonverbal behavior in real time with patients at a distant clinic.
Audio visual conference (Tele-stroke) [13] [14] 22, 29] Neurologists and Radiologist are able to consult emergency physicians (ED) and nurses on patients presenting with acute ischemic stroke (AIS) at the rural hospitals to fasten the delivery of the treatment. After patient evaluation through video conferencing and review of imaging, recommendations regarding IV-tPA were communicated to the ED and followed American Heart Association/American Stroke Association guidelines.
This model enabled the neurologist to have both an interaction with the patient and family, as well as a consultation with other providers. It also allows for rapid evaluation of stroke patients and improved thrombolysis utilization rate and so the outcome of AIS patients.
Email consultations [16] The neurologist would receive an email referral, and then decide whether advice alone was appropriate, or whether further investigations or a clinic visit was warranted.
This was proven to improve clinical effectiveness, lower direct costs, and increase productivity
International collaboration [19] The RAFT network is a group of 10 French speaking countries in Africa, along with France and Switzerland, that provides continuing medical education to healthcare professionals and tele-consultations.
This improved the quality and efficiency of the Sub-Saharan African health systems and other middle-and lowincome countries.
Smart phone and Smart watches [7] Measurements such as mapping speed and tremor severity in Parkinson's disease, sensors to measure EEG in those with epilepsy, and smartwatches that have the potential to detect and quantify seizures.
It provides a real time data tracking and assessments, in which biometric data can be monitored at the patient's home and electronic health records, can be incorporated into the examination.
Clinical Video
Telehealth (CVT) [26] The tele-neurologists assess mental status, cranial nerves (motor functions), abnormal movements, coordination, and gait.
The telehealth clinical technician (TCT) assists with evaluation of sensory function, muscle strength, tone, and tendon reflexes.
This model was successful in the management of diverse neurological disorders in an urban setting, as it showed patients satisfaction, preference over face-to-face encounters, keeping up with follow up appointments and rare technical problems.
Store and forward [28] A small team of dedicated local staff in Bangladesh rehabilitation hospital was trained in the use of equipment and how to send email referrals to a series of UK specialists. The 
Tele-stroke
Stroke is a national health problem that is the third leading cause of death and leading cause of disability in the United States; 750,000 Americans experience a new or recurrent stroke each year and $30 million is spent annually in the United States on stroke-related medical expenses or lost wages [22] . The goal in acute ischemic stroke is to preserve tissue, and the current strategy is the administration of alteplase as soon as possible [13, 29] . However, fewer than 5% of acute ischemic stroke patients receive intravenous thrombolytic drugs [19] . The reason behind this is that many physicians lack experience in administrating alteplase which has a 6% symptomatic hemorrhage rate, and because many patients live in rural or underserved areas where stroke unit care or an available neurologist is not available within the treatment window [2, 13, 29] .
Tele-stroke has been indicated as a possible solution to these issues. Care is delivered by patients being sent to their local satellite hospitals where a neurologist can examine them through audio-visual conferencing and determine whether to administer thrombolytic therapy or if transfer to a stroke center is required. This has allowed more hospitals to manage acute strokes, and has increased the access to care for millions [7] . Systematic review of tele-stroke programs have found reduced mortality, beneficial health outcomes, and treatment reliability through video consultations [1] . It has been shown The National Institutes of Health (NIH) Stroke Scale can be reliably performed, that neurologists can reliably interpret unenhanced brain computed tomography (CT) images for stroke diagnosis, and that tPA can be safely administered through tele-neurology [4] . Thus, tele-stroke has enabled expertise care in rural settings, has increased access to thrombolysis for stroke patients, and there is evidence that it has improved long-term functional outcomes [14] .
Tele-epilepsy
Epilepsy is the most common neurological condition that requires long-term follow-up; it affects 1% of the population including people of all ages, races, and economic backgrounds [10, 24] . For people living in rural areas or those of lower socioeconomic status, adequate resources for diagnosis or care is often difficult since neurologists tend to practice in metropolitan communities [10] .
A potential solution is providing tele-neurology services to these rural areas; since much of the diagnosis and monitoring of therapy in epilepsy is dependent on the patient's history, telemedicine can make a strong impact regarding diagnosis, management, and follow-up [15] . For instance, the first full-time epilepsy tele-medicine clinic was established in Western Canada and provides evidence for a high patient and carer satisfaction. Costs were also very low for the patient, and the tele-medicine clinic showed similar rates of seizures, hospitalizations, and emergency room (ER) visits as compared to conventional epilepsy clinics [14] . Other models in use include nurse-specialist run services; the nurse is supported through telephone telemedicine with a neurologist and by real-time video-link if necessary, which has saved neurologist time and improved patient satisfaction [24] . Mobile technologies and remote monitoring are also taking place within epilepsy care; smartphone apps with the potential to detect seizures, quantify them, and notify care teams are emerging so to help combat unexpected death in these patients [7] .
Thus, tele-epilepsy has the potential to offer more follow-up care to people of remote areas, as well as continuous monitoring that would not be possible before the emergence of technology and telemedicine. This will hopefully improve outcomes and better the life quality and lifespan of those with epilepsy.
Tele-radiology
Radiology and imaging studies are essential to neurology, as images can locate specific brain infarcts or tumors that can guide management. Thus, in order to be fully effective, teleneurology needs to incorporate tele-radiology into its use. In fact, tele-radiology is an example which demonstrates how multidisciplinary tele-neurology truly has become and is becoming. For instance, tele-stroke programs in rural settings are refining their methods in order to best treat patients with thrombolytic therapy; one way to do this is by facilitating quick access to brain imaging when presenting with a stroke. These images can then be sent to the teleneurologist or tele-radiologist and facilitate a diagnosis and management plan, which can include remote administration of thrombolytic therapy, remote rehab assessments, or further investigations like carotid ultrasound [14] . Many tele-stroke programs also now seek to reduce their door-to-CT times since these images are so vital in determining the patient's stroke status [30] . Additionally, there are now mobile CT-enabled ambulances that can bring hospital-level care to the patient; thus, patients in rural areas or in crowded and congested cities can have imaging done in the ambulance and possibly have thrombolytic therapy administered within the time window since the delay in obtaining images will be reduced [7] . And with the emergence of technology and smartphones, tele-radiology imaging can be transmitted to handheld devices so as to improve rapid access to patient imaging [4] ; thus, tele-neurologists, radiologists, local providers, and others can have increased access to patient imaging and results, and more quickly develop a multidisciplinary plan together.
Pediatric neurology
There are many pediatric neurological conditions, many of which require an early diagnosis for the treatment or prevention of associated cognitive or behavioral issues. Unfortunately, many pediatric neurologists tend to practice in metropolitan areas which present challenges for those in rural areas or those with limited transportation [10] . There are also exorbitant costs and often long wait times for neurologist care; for instance, the highest costs of childhood epilepsy are due to hospital services in the first year after diagnosis. However, costs can be reduced if those with uncomplicated epilepsy are followed by general physicians or pediatricians [15] .
Due to the limited knowledge regarding protocols for epilepsy amongst general providers, a solution has been proposed using tele-medicine. After an initial evaluation, uncomplicated cases should be followed-up by telephone encounters with specialists; this would reduce costs, waiting periods, and specialist workload [15] . Likewise, in children and adolescents with mildto-severe brain injury, tele-therapy though clinician-assisted computerized problem-solving training was found to lower levels of aggression, attention deficit hyperactivity disorder symptoms, and conduct disorder in school. This is important since children with brain injury, such as minor concussion, have been found to have long-term academic and functional challenges than those without injury [1] .
Thus, like adult tele-neurology, pediatric tele-neurology has the potential to provide more care to those who would otherwise have difficulty accessing it. However, pediatric tele-neurology also offers the ability to be constructive in preventing further issues by providing care faster and more continuously in hopes to improve pediatric neurological and behavioral symptoms, which could impact further care later in life.
General neurology
In the developing and industrialized world, there is a shortage of neurologists to enable every patient with a neurological symptom to be seen by a neurologist if admitted to the hospital despite their being more accurate diagnoses and less poor outcomes associated with seeing a neurologist [24] . A solution to this problem is tele-neurology in which real-time videoconferencing can increase the number of patients seen by a neurologist, allow local providers to maintain realistic on-call schedules, or supply coverage when local offices are too busy [5] . In past studies, tele-neurology through videoconferencing has been shown to feasible for new and follow-up evaluations for a variety of neurological disorders and performed as well as face-to-face assessment for the diagnosis and planning of treatment [14, 26] . In a comparison of standard telephone advice and audio-visual conferencing by a neurologist, audio-visual conferencing was found to increase quality and safety and led to a change of initial diagnosis in more than half of cases suggesting higher rates of diagnostic accuracy [31] . Tele-neurology has been proven to be feasible in the evaluation of movement disorders, multiple sclerosis, headache, dementia, and remote sleep assessments [5, 7] .
Tele-neurology can also be utilized in acute situations, such as in intensive care units (ICUs); through remote monitoring, ICU's can expand coverage for emergency situations, as well as access subspecialty expertise in the management of neurological emergencies with studies finding reduced patient mortality and shortened lengths of stay [1, 5] . Continuous video electroencephalography (cvEEG) monitoring may support critical care as well by providing teams with symptoms of seizure activity.
General tele-neurology has the potential to be effective in providing multidisciplinary care as many general neurological patients need these multi-faceted treatment modalities and care as opposed to the more traditional acute care tele-stroke model. To this point, there are telehealth peripheral devices that can monitor outcomes such as extremity range of motion assessments or wireless-enabled medication bottles to report medication adherence that are being adapted. Additionally, many mobile phone or tablet applications include symptom tracking, patient education materials, scheduling applications, online support groups, or health coaching. For example, many amyotrophic lateral sclerosis (ALS) patients have access to both tele-health videoconferencing services, as well as remote monitoring of pulmonary hygiene and web sites which allow the direct scheduling of tele-health services, chat room participation, and patient education [8] . Thus, tele-health is evolving from direct patient interaction or exams to one in which there is continuous monitoring of the patient's health and interactive means to control their health.
Mental health
Over half of brain injury sufferers report problems such as depression, mood changes, anxiety, and have partaken in substance abuse as a coping mechanism [1] . Telemedicine has emerged as an effective assessment tool for sufferers of depression, substance abuse, and cognitive impairment, as well as can be impactful in combating anxiety and depression as people can gain quick access to a professional with just internet access [1, 10] .
Similarly, the elderly often suffer from loneliness and isolation as they lose functional autonomy, as well as cognitive, motor, and speech functions, and nutrition and personal hygiene. Senile depression is very common amongst the elderly, and they often eat excessively which can trigger chronic diseases such as cardiovascular disease and diabetes. Telemedicine can be a viable approach for this multi-disciplinary care by promoting remission of their depressive symptoms, improving social functioning, cognitive levels, and nutritional habits. Telemedicine can allow for physiological parameters to be continuously measured at home and can improve their moods and feelings of abandonment by having regular communication with others [18] .
Mental health can be targeted in telemedicine by a neuropsychologist providing psychological support for the patient, by focusing on narrative and introspection training, or by empathy and identification of emotions. They can also strengthen cognition by focusing on orientation, relationships, and associations; attention training and memory enhancement by recognition tasks can also be targeted in these care models [18] . Mental health is thus an important component that can be addressed in the multidisciplinary model that is tele-neurology, and an important aspect which can reduce symptoms and lead to greater adherence to treatment plans, as well as cost reduction and satisfaction from patients and providers.
Chronic neurological care
Symptoms can be long-lasting and complex following brain injury, and cognitive symptoms such as attention disruption, memory impairment, and difficulty in executive functioning can lead to difficulties in social interaction, career performance, everyday activities, and accessing care [1, 7] . Although these individuals with chronic conditions can benefit from neurologist care, the supply of neurologists is limited, and access to care is restricted by distance and patient disability [7] . Tele-heath services may ease the burden of traveling long distances and dealing with this myriad of symptoms; the services can be multidisciplinary and include video visits to medication management. They have been found to be effective and generate comparable outcomes to usual care.
For instance, Parkinson's disease is a chronic condition that benefits from specialist care although 40% of Medicare beneficiaries with Parkinson's do not see a neurologist [11] ; a study showed that telemedicine could be effective in the chronic phase of neurological illness as patients with Parkinson's showed improved outcomes in quality of life and motor performance via telemedicine. Similarly, virtual rehab devices with two-way communication to remotely sense paretic limb activity and provide active input to the limb are available [14] .
Telemedicine can make a huge impact in these patients as fatigue levels can often impact the motivation to continue care; with this convenience of care, patient satisfaction will increase the motivation to continue therapy and lead to further compliance and improvement of symptoms.
Tele-neurohospitalist
Similar to outpatient problems, inpatient neurology has seen an upstroke in patients needing neurological care or consultation without the resources to provide this need. Neurohospitalists are site-specific neurological specialists dedicated to the hospital environment and consult and evaluate patients in the emergency room, critical care units, or on medical-surgical departments. However, there are not enough neurologists becoming neurohospitalists to meet demand, and tele-neurohospitalists can provide a solution [32] .
Tele-neurohospitalists provide tele-neurology services by audio-visual conferencing to an emergency room or hospital remotely; they can be involved in general neurological consultations within the hospital or be involved in tele-stroke situations in deciding to administer thrombolytic therapy [32] . More studies are needed to test the reliability, safety, efficacy, and cost-effectiveness, but it expected to provide a similar quality of care and patient outcomes as neurohospitalists [33] . Thus, tele-neurohospitalists can add another dimension to quality patient care as all those with primary or associated neurological conditions can be evaluated, which can hopefully improve outcomes and reduce further visits.
Outcomes and limitations
As detailed above, there are numerous times in which tele-neurology has a positive impact. Exorbitant costs, for example, can be reduced from $140-180 for in-person acute care to about $40-50 for a tele-health session; neurology practices have found evidence of lowered patient out-of-pocket expenses and institutional costs savings with tele-health utilization [1] . There are also reduced travel costs and travel times associated with tele-neurology, as well as high patient satisfaction, reduced geographical disparity for general and specialized neurological care, and more educational opportunities for physicians available [4, 26] .
For all the benefits of tele-neurology, there are some issues and limitations as well. There are large upfront costs for equipment and telecommunication lines required for synchronous teleneurology; the equipment must be operated by trained staff, and sufficient connection bandwidth is required and even then, some technology only allows one person to speak at each time. Additionally, many times the doctor does not have access to the electronic health record of the patient they are consulting [24] [25] . Some imaging and tests are also not available remotely, and the ability to conduct the neurological exam is often limited. Thus, many teleneurology practices only see a follow-up, rather than new, patients [9] .
In regards to the neurological exam, the NIHSS stroke scale can be reliably performed through tele-neurology. Similarly, plantar responses, facial strength, sitting balance, sensation, and gait assessment through telemedicine are all strongly comparable to face-to-face examination. Likewise, post-stroke aphasia assessment and remote examination of Parkinson's patient's postural stability, speech, facial expression, and tremor at rest were all comparable. More moderate and fair interrater agreements by telemedicine, as opposed to face-to-face examination, include assessments of eye movements, deep tendon reflexes, power and coordination, finger taps, action tremor, and rigidity [14] .
Asynchronous technology, although inexpensive and convenient for high-volume and triage work, does not allow for the neurologist to personally take a history or see the exam conducted [24] . Additionally, both synchronous and asynchronous tele-neurology have been viewed as promoting a shift within neurology from securing a final diagnosis to more a disease categorization type of work based on not-to-miss diagnoses. Clinicians have felt it is like "shooting in the dark at a moving target [6] ."
There are also legality concerns associated with tele-neurology. Since transmissions traverse public Internet, there should be sufficient encryption to satisfy HIPAA requirements and to ensure patient confidentiality and the safety of personal data [5, 14] . WhatsApp's encryption, for instance, is not compliant and not considered safe even though this inexpensive and widespread tool is often used to communicate patient data; data is vulnerable once the phone is unlocked and data is not backed up by WhatsApp [17] . There is also the problem of writing prescriptions; in the United States, one needs a license to practice in the state where the patient is located. Thus, out of state providers are often unable to prescribe medication or order tests by tele-medicine [11, 14] .
Reimbursement is also frequently cited as a great challenge to tele-medicine; Medicare reimbursement is often difficult and requires certain service locations and appropriate sites to provide the healthcare, and many insurers only reimburse for in-person services [5, 27] . No dominant reimbursement model has yet evolved for tele-medicine [27] .
Perhaps the most striking limitation, however, is the view amongst some clinicians that tele-medicine leads to the loss of a personal touch, and a disruption of the doctor-patient relationship [18, 27] . Benefits and barriers of tele-neurology have mentioned in Table 2 .
Telemedicine implementations

Benefits
Increased practice outreach, development, and efficiency 
Suggestions for tele-neurology implementations
Tele-medicine has some limitations and many benefits, but there needs to be improved communication and integration of local clinicians in a multidisciplinary manner for telemedicine to realize its full potential. We can do this by implementing a shared health record amongst local clinicians and tele-neurologists so that both immediate and remote providers can have quick access to patient data and relevant health information suggested by the other providers [11] . There should also be active communication between local clinicians and the tele-neurologists, as well as active use of a central tele-health system. For instance, if a telehealth patient is seen by different specialists (i.e., neurology, rheumatology, ophthalmology), then each of these specialists should enter their notes into a central health record and be able to communicate with one another regarding the patient's care.
This efficiency of care can be extended to where the patient is seen; if there is a remote facility for audio-visual conferencing, then this one patient should be able to be seen by different telehealth specialists at that one visit. Furthermore, perhaps local clinicians or internists can be involved at this facility as well; the patient can be examined by multiple specialists and their regular internist all in one visit. This will enable less traveling to the sites, as well as comprehensive, integrative, and multidisciplinary care that can be compiled with the assistance of their regular physician.
Although this would be key to a successful integrative network, tele-neurology must be examined in case-to-case bases. The type of tele-neurology provided, whether through audiovisual conferencing or through asynchronous forms such as email consultation, depends on the scenario. In a rural town, with the ability to support tele-neurology, then audio-visual conferencing could be incredibly useful if there is need and desire for more accessible neurology services amongst providers and patients. In this case, the integrative network of being seen by multiple tele-health providers can make an impactful difference in the care of people who would otherwise be burdened by long travel times and exorbitant costs.
However, in international, underdeveloped, or impoverished locations, this may not be entirely possible, and some other form of tele-neurology and tele-medicine may be more useful. In India, for instance, there are nearly one billion people who live in areas without a practising neurologist, while in Africa, the average population exceeds five million per one neurologist [7] . There is thus, a huge need in which tele-neurology has the potential to improve care and increase neurological services in these locations. However, Internet access in many of these locations, although growing, is sparse and two-way videoconferencing may not be possible or widely-available to implement. Asynchronous forms of tele-neurology, such as phone or email consultations, may be more possible. A prior review has proposed setting up a transcontinental, inter-regional, intra-regional, and a national network of neurologists utilizing tele-neurology to improve access to neurology care in Sub-Sarahan Africa. In this proposal, tele-education of local providers and tele-consultations between neurologists would take place with the hope that local neurologists can seek advice from colleagues within their own country, sub-region of Africa, or through neurologists in high-income countries [19] .
This sort of model is most feasible since the local provider is most familiar with local site resources and disease epidemiology [6] [7] ; this model is also inexpensive and can take place with interrupted internet service or through a mobile phone. This model can also be extended so that further educational initiatives are implemented and neurologists who obtain training abroad or through tele-education can return to start other programs and provide further care in their home country. There could also be regular clinical case conferences to enforce collaborative relationships or urgent clinical consultations between these remote areas and global colleagues [7] . Below is a brief review on previous studies related to tele-neurology (Table 3) . 
Study
Conclusions
Tele-neurology is a powerful and innovative tool which enhances healthcare in the era of a global shortage of neurologists and other health care providers. Patients receive benefits of time-saving and reduced travel expenses. A physician also saves time, get exposed to a more diverse patient population, and has fewer missed appointments and cancellations. Utilization of tele-neurology has increased exponentially and is widely used for stroke, epilepsy, neurorehabilitation, pediatric neurology, outpatient consultation, drug refills, mental health evaluation, and global neurology. Though some experts believe that tele-neurology has its limitations, overall it is an effective tool to bring a new horizon in modern neurological care. This review focuses on the the trajectory of tele-neurology utilization and the issues that need to be addressed so that underserved communities can benefit from it in the near future.
